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(57) Abstract: The velocity of a flowing gas is measured by detecting the pattern of infrared absorption of the gas stream at two 
locations (23) spaced apart in the direction of flow and measuring the time lapse between the sensing of the same radiation pattern 
by the first and second sensors. The velocity can be derived from the time lapse and the known distance between the sensors. In this 
way, the velocity of particulate-free gas flows can be measured. 
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OAS VELOCITY MEASUREMENT BY INFRARED RADIATION ABSORPTION 

field of the invention 

The invention Is concerned with techniques, methods and apparatus for measur- 
ing the velocity of a flowing gas. The invention is particularly concerned with techniques 
5 that operate successfully with gases containing little or no particulate material. 
Background to the Invention 

A number of techniques have been developed for the measurement of velocity 
of flowing gases. Such technologies include turbines Inserted In the gas stream, thermal 
probes measuring the cooling effect, and Pltot tubes, measuring the pressure exerted 
10 by the flowing gas and venturi restrictions creating a measurable pressure drop. All of 
these techniques require physical contact of a sensor or sensing device/ assembly with 
the gas stream. This presents a significant problem when the gas stream is hot, corro- 
sive or erosive. 

To overcome reliability problems with these techniques a range of non-contact 
15 techniques have been developed such as Doppler, ultrasonic differential time of flight 
and time of flight However, whilst they avoid the problems associated with 'contact- 
type sensors, problems with these measurement techniques still exist, be It on a financial 
or technical basis. Ultrasonic differential time of flight is becoming more common but is 
expensive whilst time of flight requires a specific characteristic present in the target gas 
20 that can be Identified and tracked over a measured distance. 

A number of methods have been developed along these lines. In gas streams 
that have no known visible events, such as suspended particles, the measurement is 
much more difficult To overcome this problem a number of methods have been em- 
ployed, such as the measurement of infra red radiation from a moving gas cloud as out- 
25 lined In US-A-3558898. 

r 

With this method, small temperature variations are measured as they pass 
through a known distance. The system uses the temperature of the gas stream and the 
associated radiance of gas at different temperatures. An assumption is made that the 
gas radiance will be different at different points of the gas stream and the movement of 
30 this difference can be tracked and timed. However this system suffers from problems 
of dissociation of the gas If the stations are too far apart and is clearly only of use for 
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measuring the velocity of hot gases. Typically, the system Involves a path length of be- 
tween 600mm to 1 000mm between stations. Other approaches, such as that disclosed 
in GB-A-2349946, use particulates suspended in the gas stream. These methods all as- 
sume that particulates will not be homogeneously distributed and hence concentration 
5 differences can be identified and measured. This method does however depend on the 
presence of particulates. Briefly, the method involves observation of a pattern of par- 
ticulates in the gas stream at two spaced apart stations. Analysis of particulate patterns 
is necessary on a continuous basis until the pattern registered at the second, down- 
stream station matches that registered at the first, upstream station, A simple mathe- 

10 matical expression is all that is needed to convert the time lapse between registration of 
the pattern at both stations to an indication of gas velocity. 

The method is clearly subject to the pattern remaining substantially the same in 
its passage between the two stations. It becomes a virtual necessity, therefore, that the 
stations are close together in order to minimise the opportunity for mixing or disper- 

1 5 sion of the particulates in the gas which would then destroy the pattern and thereby 
lead to a false result 

In applications such as gas turbine power generation and waste incineration, par- 
ticulate levels are extremely low and insufficient particulates are present to provide a 
measurable pattern. However, the present invention aims to provide a method in 

20 which the infra red high accuracy of time of flight can be applied without the require- 
ment of particulates or high gas temperatures to measure velocity. 1 

In order to place the present invention in proper perspective and as an aid to 
understanding the significance of the invention to gas flow measurements, a brief survey 
of Time of Flight Velocity Measurement follows. 

25 The principal of time of flight velocity measurement has been in common use for 

many years and as digital signal processing becomes more cost effective new applica- 
tions are being identified. T]he technique is based on measuring the time it takes for a 
known event to move through a known distance. As the time and distance are then 
known the velocity can be calculated. Depending on the medium, the event can be a 

30 vehicle passing over pressure pads on the road or sub micron particles passing through 
laser beams. The general technique is well known. The problem of measuring time of 
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flight lies In identifying a suitable and perhaps unique characteristic of the target and 
measuring its movement relative to time. This can be achieved by measuring solids sus- 

i 

pended in the gas stream or hot spots in the gas stream. If neither is present the tech- 
niques fail. 

5 In combustion processes, a change in the molecular makeup of the gas stream 

takes place. The combustion process generally takes ambient air, which is a homoge- 
neous mix of oxygen, nitrogen, water and very low levels of other gases. This homoge- 
neous mix is then mixed with the fuel. This fuel is generally a hydrocarbon-based fuel 
but could be carbon or hydrogen. As the fuel and air are mixed In the combustion 

1 0 zone, combustion of the fuel takes place In a turbulent manner. 

As a consequence of this combustion process a number of products and by 
products are produced. In the case of a hydrocarbon-based fuel the main products are 
heat, water and carbon dioxide. A number of by-products are also generated as a con- 
sequence of Imperfect combustion, the two major by-products being carbon monoxide 

15 and nitrogen dioxide. The carbon monoxfde is generated by Incomplete combustion of 
the fuel due to localised oxygen deficiencies whilst the nitrogen dioxide is generated by 
the combination of atmospheric nitrogen with atmospheric oxygen in localised hot spots 
where excess oxygen is present 

These reactions are in general not homogeneous due to many factors such as 

20 turbulence, fuel variation etc. In other words, they are generated by localised turbu- 
lence within the combustion zone. The effect of this process is to create localised pock- 
ets or douds of these gases. The resulting gas stream comprises a range of products 
such as CO2, CO, NO, N2, O2, H2O along with others. The concentration of these 
gases will vary with time, even on a very short time scale of a few milliseconds. 

25 All of the gas species above are invisible in their vapour states, hence the re- 

quirement for particulates. However, if the above are viewed in the infra red spectrum, 
they absorb infra red light by varying amounts according to the wavelength of light be- 
ing considered, the type of gas present, the temperature and the pressure of the gas. 
An analogy to this Is the process of generating clouds of different coloured gas with 

30 differing levels of translucence. As these clouds are of a non-homogeneous nature they 

• * 

can be tracked and timed. In real terms this must be implemented in the infra red spec- 
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trum where the gases of interest absorb light This forms the basis of the present inven- 
tion. 

* 

Summary of the (Invention 

According to the present invention, there is provided a method of measuring 
5 the velocity of a gas stream, the method comprising sensing the infra red radiation ab- 

* 

sorption pattern in a portion of the gas stream at two locations spaced a predetermined 
distance apart in the direction of gas flow, measuring the time lapse between sensing the 
same radiation pattern by the first and second sensors, and calculating the velocity from 
the said time lapse and said predetermined distance. 

10 The invention also comprises apparatus for measuring the velocity of a gas 

stream, the apparatus comprising first and second sensors spaced a predetermined dis- 
tance apart in the direction of gas flow, each sensor being adapted to detect the infra 
red radiation absorption pattern of the gas in the stream, means for measuring the time 
lapse between sensing the same radiation pattern by the first and second sensors, and 

1 5 means for calculating the gas velocity from the said time lapse and the said predeter- 
mined distance. 

The sensors each preferably consist of an infra red radiation emitter and a cor- 
responding infra red detector. The emitter is suitably a hot wire emitter. The infra red 
radiation emitter and the corresponding infra red radiation detector are preferably lo- 
20 cated on opposite sides of the gas stream so that the infra red radiation is transmitted 
substantially transversely across and through the gas stream. 

Each emitter and/or each detector may include a reflector to focus the infra red 
radiation. 

The means for measuring the time lapse preferably comprises cross-correlation 
25 means having an input from each sensor whereby to identify the points in time at which 
the same absorption pattern is detected in each sensor. 

The sensors may use broad band infra red radiation so that all components of 
the gas stream that absorb radiation may be detected. The principal advantage of this 
option is that the signal will be generated by a variety of gases so it is immaterial 
30 whether the path length between detector stations is short or long since dissociation will 
not affect the sensor readings. In this case, the detectors preferably operate over a 
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range between just below visible red to long wave infra red. This range is compatible 
with CO, CO2, and water vapour absorption bands. 

Alternatively, the sensors may use narrow band infra red radiation designed to 
target a specific gas or gas species within the gas stream. The specific gas may be cap- 
5 bon dioxide. 

Tracking the specific point of the gas stream is preferably performed by measur- 
ing the absorption level on a continuous basis at said two locations. 

A typical detector suitable for this application is a lead selenide detector having a 
spectral response of 2um to 4.5ujt\, and a response time of 3\xs. 
1 0 Brief Description of the Drawings 

The preferred embodiments of the invention will be described with reference to 
the accompanying drawings, In which: 

Figure 1 is a schematic representation of the overall system; 

Figure 2 illustrates typical signals sensed by the detectors in Figure 1 ; 
1 5 Figure 3 shows the result of cross-correlating the signals in Figure 2; and 

Figure 4 is a schematic representation of the signal processing used in the system 
to evaluate the gas velocity. 

Detailed Description of the Illustrated Embodiments 

In brief outline, the two signals generated by the two sensors will be similar in 
20 shape but time shifted by the time ft takes for the gas to travel between the two sen- 
sors. Digital signal processing is then used to perform a cross correlation function on 
the two waveforms. The peak of the result will then occur at the flight time of the gas 
between the two detection paths. As the central lines of the detection paths are 
known, the velocity can be calculated. The preferred manner in which this is done will 
25 now be described by reference to the drawings. 

Fig I shows a typical application in which the gas stream, shown generally at 1 , is 
traversed by two separate infra red beams 2, 3 transmitted through the gas stream. 
The radiation emitted by first and second infra red sources 4, 5 is detected, after pas- 
sage through the gas stream and after absorption by the gaseous components within 
30 the gas stream, by corresponding first and second infra red radiation detectors 6, 7. 
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Reflectors 8 may be provided for each source and/or each detector but for small ducts 
these may not be necessary as there will be sufficient signal strength without reflectors. 

Each detector will generate an electrical signal proportional to the amount of in- 
fra red light received. As the concentration of different gases pass through the beam, a 

r 

5 varying electrical signal will result A typical output signal from each of the detectors is 
shown in Figure 2 in which "Signal 1 " is the signal from the upstream detector 6 and 
"Signal 2" is from the downstream detector 7. 

As can be seen, the two signals generated by the two sensors will be similar in 
shape but time shifted by the time it takes for the gas to travel between the two serv 
10 sors. Digital signal processing is then used to perform a cross correlation function on 
the two waveforms. A typical waveform resulting from such cross-correlation is shown 
in Figure 3. The peak 9 of the resulting waveform will occur at the flight time of the gas 
between the two detection paths. As the distance between the centre lines of the de- 
tection paths are known, the velocity can readily be calculated. 

■ 

1 5 Figure 4 illustrates a block diagram of the necessary processing circuitry to per- 

form the cross-correlation. The output signals from the first and second infra red de- 
tectors 6, 7 are fed via respective amplifiers 10, 1 1 and converted to digital form in an 
analogue-to-digital converter 12. The digital output from the A/D converter passes to 
a digital cross-correlator 13 which performs the required cross-correlation function. 

20 The output of the cross-correlator 13 is shown as passing to a display 14 which may 
simply display the time of flight or may display the result of the additional calculation 
necessary to indicate the velocity of the gas stream. 

As compared to prior gas velocity detectors, the present invention operates 
without the need for particulates in the gas stream. Moreover, the present method 

25 makes it possible to use miniaturised and sensitive detectors, with the result that the 
detectors (and sources) may be placed close together. This has the added advantage 
that there is less opportunity for dispersal of the gas in the stream as it passes from one 
detector to the other, thereby increasing accuracy and making a compact system. In 
contrast to know systems, the detectors may be placed as dose as 50 -75mm apart 

30 Suitable sensors may consist of lead selenide detectors having a spectral re- 

sponse of 2\xm to 4.5\xm and a response time of 3|xs. 
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The system has particular application to measuring the velocity of gases Involved 
in combustion processes. For example, it could be used to measure the velocity of flue 
gases which can be cold and are not amenable to prior art systems that rely on hot 
gases. By the same token, particulates may be effectively absent, following filtering. 
5 The system may also be used to advantage to measure the velocity of air used to 

blow coal into a burner and/or to measure the velocity of that portion of the exhausted 
air which is recirculated to warm the incoming air, the temperature being too low for 
systems relying on hot gases. 

The system of the invention works satisfactorily in all types of flow but is particu- 
10 larly effective where the gas stream is fairly uniform and there is substantially no turbu- 
lence which would otherwise result in pressure variations, leading to density variation 
and hence fluctuations in absorption. 
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CLAIMS 



1 . A method of measuring the velocity of a gas stream, comprising sensing 
the Infra red radiation absorption pattern in a portion of the gas stream at two locations 

5 spaced a predetermined distance apart in the direction of gas flow, measuring the time 
lapse between sensing the same radiation pattern by the first and second sensors and 
calculating the velocity from the said time lapse and said predetermined distance. 

2. A method according to Claim 1, comprising detecting a radiation ab- 
sorption pattern .at a first of the locations, performing a correlation between the de- 

10 tected pattern from the first location and the radiation absorption pattern detected at 
the second location downstream from the first, and determining the temporal separa- 
tion of the correlated patterns. 

3. A method according to Claim 1 or 2, comprising providing at each loca- 
tion a broad band infra red source and a broad bank infra red detector spaced apart 

1 5 from each other transversely of the gas flow direction. 

4. Apparatus for measuring the velocity of a gas stream, the apparatus 
comprising first and second sensors spaced a predetermined distance apart in the direc- 
tion of gas flow, each sensor being adapted to detect the infra red absorption pattern of 
the gas in the steam, means for measuring the time lapse between sensing the same ra- 

20 diation pattern by the first and second sensors, and means for calculating the gas veloc- 
ity from the said time lapse and the said predetermined distance. 

5. Apparatus according to Claim 4, wherein each sensor comprises an infra 
red radiation emitter and a corresponding infra red radiation detector spread apart 
from each other transversely of the gas flow direction. 

25 6. Apparatus according to Claim 5, wherein the emitter and detector are 

located on opposite sides of the gas stream. 

7. Apparatus according to Claim 5 or 6, wherein each emitter includes a 
reflector to focus the infra red radiation. 

8. Apparatus according to claim 5, 6 or 7, wherein the or each detector irv 
30 dudes a reflector to focus the infra red radiation. 
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9. Apparatus according to any of Claims 5 to 8, wherein the means for 
measuring the time lapse comprises cross-correlation means having an input from each 
sensor whereby to identify the points in time at which the same absorption pattern is 
detected in each sensor. 
5 10. Apparatus according to any of Claims 5 to 10, wherein the sensors use 

broad band infra red radiation, whereby all components of the gas stream that absorb 
radiation may be detected. 

■ 

11. Apparatus according to Claim 10, wherein the sensors operate over a 
wavelength range of from first below visible red to long wave infra red. 
10 12. Apparatus according to any of Claims 5 to 10, wherein the sensors use 

narrow band infra red radiation. 

13. Apparatus according to any of Claims 5 -2, arranged to monitor infra 
red absorption continuously at the two locations. 



15 
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